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$*tim<t>$&; f$D)t-2 1 0 is « bbpedfk ssntibedy f foa{ Ssirads 
ssmwfet&oosly *e type I fs receptors for sromofttsglfobofe 
© £?eyS?§) and tss sis® fsess sMse^srse protein 

pretfost, &tDX~21Q effosfiveiy directs r^yRB-pase-ive «i- 
f©c?s»r eeis syeh ess messacySes snd macrophages to pHei* 
gaeySoss ©r kill Hhssw talis i-hcst *verexpress HS®~2/««sf, 
Tb® gpeh of this |js«sss« is/lls trsal were to determine the 
STScsstSmsjim-fefersiSed doss {MTD} «t«4/ar fee opfsroai bso- 
IbgSe d«se $©B83) «rf M&X-210. 

Ptstfetts&s and Methods; P«ti®nfs wife etdmmasd breast 
«sr ovarian ssncsr $£siF ©verejsaressed HBfi-2/«8« were 
eboiSbie for treatment. Cohorts of three patients- received 
a single intrav$neu$ {W} infusion ssf 1 0 a* irftreos* 

srsg d©*« levels from 0,35 to 10,0 issg/m*, 

fesw/iis; Treatment was welt tolerated, wife mes* pss- 
tsessfi sxpersenctno. Sranssawt oradss 1 5© 2 fevers, mal- 
aise, wwl bypetsnsien only. Two patients expersera«jd 
trsmsl^m gresds 3 bypafsrsssos? eft 10.0 mg/ra 2 . Ts-«snst««t 

m *ANY MONOCLONAL autjEbodies {mAbs} have 
1YJI been developed to human tumors, 1 - 2 but despite 
their ■.specificity for 'binding to- tumors, mAbs nave had 
little direct therapeutic effect This Sack of efficacy results, 
in part, from the inability of many murine mAbs to acti- 
vme ixnni«ae effectox- pafijvfsys; such as complement fixa- 
tion and iisifibody- dependent ceU-inediatcd cytotoxicity 
(ADCC) m humajts. Many marine mAbs are unable to 
activate 'these effector pathways .because they m tfie 
wrong isotopes. Although humanized mAbs that -activate 
immane effector pathways are being developed, die clini- 
cal effectiveness of these mAbs .may be impaired by high 
concentrations of nonspecific mmmnQgiohuHns {lg$}, 
which will compete with the mAbs for binding t» the 
high irffinsty type I Fe receptors {FcyRI} m immufte- 
effcetor ceils. Moreover, large amounts of immunologi- 
cally active. mAbs may, after complexing with sndgen, 
be directed to Fe receptors on ceils (eg, platelets) that are 
sot cytotoxic for ratnor cells. 

Bispecirk mAbs (BsAbs) axe one approach to increas- 
ing the immunologic effectiveness of therapy with mAfe, 
BsAbs are hybrid antibodies constructed from two parent 
mAbs; one specific for the manor target ceil and the other 
specific for the immune-effector cells. w BsAb mecSated 
cross-linking- of tsiihor target celts to injrnone effectoir 
ceils via specific cytotoxic trigger molecules on the ef- 
fector cell, such as FcyRI, results in efficient detraction 



monse^cfpersics «svd iy«TS|sb«fp«nls ^evefop«sd at I ?o 2 
b««f rs f Inst no other h©mjstobgk shsjstges were observed, 
8>»s«s «f MOX-210 a 33 mg/sifs s ^tsr&imd at S©% 
m»H»cyt« ^syEt end produced |S«ssSe pSsssmss e©ris:sir8ST«- 
^t©BS s= 1 fiQ/sfiL f which ss grecstssr fea» th» e0f5««Mtr«sts«>R 
for »p*sf«»5 m<s«ss«yteA"KeK;r8phstg« s»cti¥KSs<srs srs vftr<5. 
£Sev«f«d jsiasma feveb of $fa® mojssscyte products twmsr 
ste^msis focter dfste (TNfoJ, !St«ri®wks«~6 {tl'6), gm»si- 
sbsySe «^w«y-»fenu(aHng factor (0«€$F^ «ssd neepterin 
w«r« »bs«r»ed wsfe mejumsl lewis «st do$«s » 7.0 rug/ 
jss 2 . lofislisctioo of MDX-2 5 0 in himsr fi$$m was sfemo??- 
strsaJasI is Swe p&Stente, One pssr*Sa? tsrsd onss mixed S«rocsr 
resp*rsse wsre sil}s«rsfed ssmo«g 1 D oss@ss«sbfe ^ofssssSs, 
Comfwitm: MBX'SIO is immwurfegkaSy' oc^ve wt 
well-telsroted doses, fhs MT0 and QSSD is 7 to ^0 

i C/w Oscfflf f5;22Sf-22PZ © W 4meff'««« Ss- 
eiety ssf Clinical Of5«ofogy. 

of the tumor target. BsAbs can direct tfte cytotoxic activ- 
ity of monocytes/' 1 fnonocyte-derived macrophages, T 
cells, 5-7 natural-kiiier {NK} sells, 8 -* and asuteephiis ai to 
kil! and/or ingest, tumor tai-get cells in vitro and in vivo. 

BsAb MDX-210 is constructed from mAb 22, which 
recogniaes FcyEi, 1 iJi and from mAb S2QC9, which rec- 
ogntees the cell-surface protein .product of the oncogene 
HER-2/ftew (c-ertM2)P FcyRI is expressed niaifdy by 
monocytes and macrophages, but also by neutrophils after 
activation by iisted'eron gamma (IFNy) or granulocyte 
colony-stimiilatirsg factor (G-GSF}.' C ' 2!4 mAb 22 is a 
murine mAb that reacts with Fc yRI at a site distinct from 
its binding site for human igG. ! m Thus, binding of mAb 
22 to FcyRI is not inhibited by human IgQ. ASthongh 
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mAb 22 biads to an epitope distinct from the nxeptof s 
ligand-bisding siis, this mAb still mediates Fc-yRI^fepea- 
<kmx functions, ineiadsng ADCC, phagocytosis, superox- 
ide generation, and enzyme release. 

HER-2/«e« is a human proto-otteogexte homologous to 
the mi neu oncogene and related in sequence to the epider- 
mal growth factor receptor J*"" HER-2/«es encodes a 
185,000-MW protein with tyrosine kinase activity. This 
proto-otscogsne has transforming activity when ii is over- 
expressed or has certain mutations in the transmembrane 
domain, Gene arnpMcation and pmteiti overexpression 
have been demonstrated art a variety of adenocarcinomas, 
iscludiag approximately 30% of patients with aesvjy diag- 
nosed breast or ovarian cardnomas, Overexpresskm may 
correlate with ttevelopmeat of metastases and a poor 
prognosis. 

We completed a phase la/lb dial of a single intravenous 
mfdsiort of MDX-210 for treatment of patients with ad- 
vanced breast or ovarian carcinomas that overexpress 
HBRrtfnesi The objectives of the study were k> define 
the toier&bihty and safety of single doses of MDX-210, 
to Sod a HiaxtrEium-toierated dose (MTD), and to iiad an 
optima), immunologically active dose. We provide evi- 
dence in this report that. MDX-210 was well tolerated and 
effective fO? stimulating koroune-efiector ceils in vivo. 

PATIENTS AND ^BHODS 

Patients 

Psdents with stage. IV biea# cancer or stags 10 or iV ovarian 
cancer ware eiigsbte ifor tmatmefit if diets' ttittsom were shown to 
tjvefrxpres* BBR-2/nim. Expression of MER-2/»w« was determined 
ojtpafflffrwnshedded tissues using standard hmnunohistixtemicai 
methods." 1 Tumors were considered to ovssrex.pvess BER-2/»eH if 
more shm 50% of tumor celts, stained with moderate to strong inten- 
sity. Both '320C9, the asfi~H£R-2ta«« mAb component of MDX- 
250 and a conrntemisdy available ami -■ KER-2At«i saAbr"* were vised 
for irffln.«neb3S5ochemis,ii>' . To be eligible, patterns with breast cancer 
mwst have failed' to respond to at -feast tm standard chemotherapy 
regimens or one isoi-mousl and one diemothe»py reginsen. .Patterns 
with ovarian cancer ssiusi have failed to respond to at least one 
piatmoovbased chemotherapy regimes!. Adequate fceraaroiogic 
(WBCcoaat > 3,000/td., absolute neutrophil count fAKCl > 1,500/ 
/it.., platelet count > t5O,O0Q/jtfL), hepatic (bilirabin isvei < 1.3- 
mg/dL, ALT arid stkaiine phosphatase level less than two times, 
normal upper limits}, and renal (creatijiine concentration < 15 mg/ 
dL) fraction were rer^oired. An Bm&sm Cooperative Oncology 
Ga-;iip f BCOG] periontssmx status of 0 to 2 msi amiespted smvival 
time ssmm than 3 months were reqaired. Pariems with tttSanaitaKay 
diseases such as tupas. active infections, or addictive or psychiatric 
disorders that would prechxie giving informed consent ww»- ex- 
cluded. This protocol was approved by die PajIfjjoo&.Hitctojcfc 
Medical Ceftter. tesutmkRiai 8eview Board, AS paficnis gmre wvii-- 
tess, sfifonced consent before being treated. 



Preparation of MDX- 210 

M13X-2SQ wss prepared using die medt«i repotted by Gteturie et 
a!. 251 The pmpamrion atsd er^f&emil nation, of the biologic activities 
of M8X»210are described elsewhere (Graziano K, Piste J, Vat one 
Hi, « at, manuscript its picparaooa}. BrieSly, the F(ab''>3 fragments 
Of 0TOriae.mAbs 22 : (3nti-FcyRi} and S20C9 (anti -}kt-Z'neu) were 
rsdaced to Fab' by incubation with 10 jjokkM, of ajercaptoetliaitota- 
mine, TheT'ab'-isaltlsydi-yi fragments were coajugatsd using o-phen- 
ytewedinsateiariide, acetyiated with iodoacetaifiid.s, arid purified by 
ehrosreaography oti 'Superdtsx 2iX) (Pharmssia, Picsatawsy, N.I). Use 
bkdiiig activity of the itidividuai compoasats of the bispeeiftc ami 1 - 
body:W : &vC'>iecked by fluorescence -activated cell-sorter (PACS) ansl- 
ysis ?: asiftg the ifcr-l'neji-esprcssiog celt line SKBS3, a PcyRl- 
espresslag human moftocytes, and U937 mil law" as target cells. 
hi additwn, fee btspecitic nettire of ttje moleeuie was verified by a 
cett-bastJri bsspecific eazyme-iiaked immunosorbent assay (EUSA). 
TSiis assay detects intact bispecific antibodies that siraulisujeousiy 
bind to HE&-Z f «ea~«xpressi!>g ceils and a soluble FcySl 

rosed to the. heavy chair of human tghl 

Administration of MDX-2I0 

Secstfe venous access was estabhs-hisi breach patient and intra v<> 
ttoes (IV) Said?, typically normal saline, were sdnanistefed thrpttgS- 
oiS the treatssMsut assd po$«teK»ne«t observation time, Patiants Were 
pretresied with acetJinsnophed 650 mg oraiiy, djphenhydraiYuric 25 
to 50 mg orally or IV, and Sonazepsm 0.5 to 1.0 mg s>raliy or IV 
foefwe adrrunistration of M'DX-2 1 0, A Sssl dose of aTitibOdy (0,005 
so 0.3 mg) was adtninistercti IV. Patients wbo 5sjS(Sr«Kfd the test dpse 
withoiil arsy fdlergic reactions were given the refraining dose of 
anttht>dy 30 minutes later. MDX-210 was admsnistersd TV at a rate 
of 6 fftg/h, with a maximum infusion duraiicn of 2 hoars. Patients' 
vital sigas ware monisoted every IS minutes for: 2,5 hoars after the 
test dose, hoMfty for 6 hoars, and then everj' 4 tars for 16 hoars. 
Alt patients were jjospitalissed Overnight fof observation; is identsft' 
my deiayed side effects, S : onow.«p evaiaatscu! occurred: on days 2, 
3, 4. i, X$, m 57, and S5. 

Monn&ring of Clinical and Immunologic (Mtcofms 

Toxicity of treatment was scored according to Cancer and Leuke- 
mia Group S (CALGE) modified National Institutes of Health (NIK) 
common clinical trfads criteria. Blood was drawn at fteqttem intervals 
frif atoaitoring, of toxicity and imnmnotogie- efficacy. The tones for 
specific tests differ and are described later. 

Doss Esmkiiion of MDX-210 

The doses of MBX^t'O were 0.3S, 1 .0. 3;5, 7.0, and i 0.0 mg/m 3 . 
The dose was escalated for cohorts of diree paticms until the WTD 
of MS3X-210 or the optimal bio'Sogic dose (OBX3) wai identified. 
The &TH> was defined as the dose iim; caissed ». grade 3 toxicity 
is Jess thao 50% of patients. The OBD was demtcd as the dose that 
yielded maximal saasraiion of monocyte TvyM, ittddced optimal 
release of cytokines (tumor necrosis factor alpha PTihw;, iattrrieo- 
fcift-<> pi>6}. G-CSf* IL-Ia, ?t.4,ci, and materia) into plasma, in- 
creased expression of human leukocyte antigen (HLAJ-DE. and opa- 
«My altered subsets of T cells (CD3, CDT and. CDS). 8 cells 
(CD2i)). and NK ceils (GOiS). 
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Cytokine Measurements 

The cytokines TNFat, H.-kt, 51V i 8B& JL-4 aod'lMy aoS S- 
CSP were quantified by ELXSA (K & D Systems, Misnespelis, MN). 
Meffpterm was quantified by r3dioi«sis«HJ08$s&y (DUG intentional 
Inc, Mountainside, NJ). Plasmas HER-2/w« was qiiaiiufiid by EIA, 

Human Antimause Antibodies 

Hamas mtisms* antibodies (KAMA) response to MDX-2S0 in- 
fusion was deternrrned «* the {tfasnia samples .of treated patients by 
a specific EtfSA medtod. Alkaline phosphatase -eonja£8ted goat 
amihatmrn antibody was used to detect HAMA that was bound: 16 
MDX~250-eoate<1 mterositer wsits. Fiasma samples were collected 
before infusion of MDX-210 .(baseline) and 8 and 15 days ami I. 
Z, 3, sad 4 rnoRths posnnfasion; samples were stored frozen (-7CAC) 
sritii nsed for assays. The HAMA levels were expressed as fbkS 
increase over she optica] deashy of fee jaein&sioss (baseline) sajnple. 

gash plasma, sample that gave a more than twofold increase m 
optical density over She basefiise was also tested sa a aenKabzaiion 
assay to deSenniBS sniigerne specificity of She HAMA. I^te piastres 
samples were separately spiked wish IOCS ngfniL of saher MDX- 
210!, 52QG9 Ftab'h, 22 F{ss f )j, or a mixtore of 520C9 fW)* and 
22 F(ab' ) J; arid incubated for 30 rainotes at sofaa astt^wrature- The 
treated sampies were then assayed for HAMA as described earite, 

■ Analysis of Plasma MDX-210 Concentrations 

TwewiHJHStef samples of venoas blood were collected before 
infusion, 8t the end of the mfosion, a«d at points ssp so 48 hours 
after Misses ef MOJ£^2iO. Plassna was separated and stored at 
•-WC for extermination of piasma MDX-210 emionisratioas, 
ptema csstscentraaoBS were detensrirsed by two indepen- 
dent assays, The primary assay osed for pharmaeoktftfcbe purposes 
was a sppesgc' ELISA :fcr murine Ig with a limit of detection of 
0.(51 jig/rnL. in selected easeSi a now-cytomsccic assay was used to 
quantify piajtraa MDX-210 based on bisjding ;o its two target 8»te- 
• tales, FcyRI and H&K-Sfe*^* * 

Phaqnacokstsistie analyses were performed on the data for plasma 
M33X-21Q! edtscseigEatiOri over time using the PC Noaiin version 4.2 
pharrrsaeokifsetic program (SC! Scltware. Lexington, KYS. initial IV 
bolus test sfesiss of MDX-210 (which represented between 2.iSt- aad 
11,5% of ffjs total doss) were gives so each subject 30 minutes- 
before she infusion. For pfaamaeofcifiede purposes, these were con- 
sidered part of the toss! dos« given over die leftmost period. The 
piwmaeoainstic analysis performed was sfcas for a eorsatarss-mse IV 
iH&sion with & mrneofnparirneotai model (PC Nostfift sttodel 202}. 
For any irrdividcad patient, the e&Hinat)or: cosstaoi was esti- 
mated by Hacar regression of a takimam oft.be tenninal four piasma 
eoiK^ntratioR-siatfi data points. Clearai^ee (CL> was eaietikted ia the 
stsndard fasbiffrs (dose divided by die area mSa tbe coacentrg&oa 
time curve from time 0 to itsftnity (AUC^l) and rise yoUesjo of 
disfiioution (Vd^) was Shea calculated (Vd^ » CL/,£S v. Mashtswss 
coi-icentrstion (C^,) 3»d maximum time (T wx ) were dse observes 
values. 

Flow Cytome.try 

Ten mdsfiitm of 1sapari»iKed biood was e&StecteS at bts$elsne, 
coaipfctian of the infesiC'B of MS>XrZt& and at cSfcer poitsSs op So 
*g boors site infusion for anaSysis of cbsuges in selected Irakoeyte 
snarkers and celi-boond MDX-210. Bnfry-coaj. cells wssre isolated 



and Sow i-j tois*stry **s perfornred as described,* 1 FcyRI expressioa 
oa ajonoeytes and netsrepbsls was deterasined as sJl ttore points; 
MLA-BR exoression tsts srtoaocytes and expression of markers on T 
ceils (€J>3, CM, artd Cf>8), B ceKs (CD20), and NK cells <CDi6) 
were deterettstsed at baseline add at 24 hotsre. 

To determine the 'total number of FcyRf expressed by circula ting 
ceils, m aSiqostt »f cells at each time point was incubated with a 
attuntfta'g dose of nvAb 22 er 'MDX-210 (20 (ig/rriL), Csii-boiMXi 
innrine 1%G wjtbout or witfj tfeis preincubation was determined by 
mcsjbadoa of isolated ceils wisb labeled goaf ansirfionse !gtj. 

Statistical Analysis 

Psmteatmm baseline vaiues tatd pastireafmeTtt vatues were cos-n- 
pared by paired t. tests witboot adjustment for srsufsipie sianspling. P 
valtie* letti $m .01 were, eoasidered siadsfjesiiy sigKufit^nt. 

RESULTS 

Patients 

Ftftsen parents were tieated with MDX-210. The ma- 
dias &%& was 47 years (taoge, 39 to 69). Nine patients 
had breast cancer aad six had ovanaa. cancer. 'Fhey were 
heavily pretteated, having received H rm&m of ffm- 
trtmge. otte to seven) different eherrtotherapy or fesjrsiiorid 
therapy regimens before receiving $8XXK~2W, Ml of Use 
psttients' tacness overespressed HES-2/ae« ss defermirted 
by ittxtSOTiohsstsxjhetmslry, with 60% to 100% of cells 
staismg with srootteme iateosity- 

Toxicity of Treatment With MDX-210 

Nonhetruuotegk toxicity. Treatment was geoeraOy 
well tolerated (Table i). Most patients developsJd km- 
grade fevers. The mem ± SE baseline temperature was 
36.5 ± A"C and the mean maximal tsmperatum was 373 
:± .2*C (f < ,0001). Five patients had maximal tempera- 
tures of 38.0 to 39.0°C. The feves-s typically developed 3 
to 6 hours after the aati&Ody ixifusion was started and 
resolved within 8 hours at doses. r~ 3,5 mg/ro 2 and widths 
12 isottrs at higher doses. Aeetomnopfeea was effective 
for fever control. Most .patients also developed mild sys- 
tolic hypotension without refJex tachycardia. However, 
two patients as the lO-rog/ns' dose developed grade 3 
hypotension, which :resolved..fa0y within I to 4 hoots 
after institohori of fluid sOpplemerdaiiort. Hypotension 
pecamed witius 2 to 8 hoars for patients at the lowest 
doses of MDX-210, whtifeas the most severe hypotension 
occiarsd at 10 to 18 hours for patients at the 10-mg/m 2 
level. Dariog die time of hypotension, patients experi- 
enced malaise, which they considered less severe than 
the malaise e&osed by chemotherapy, Nirse patients expe- 
rieaced nsshsesi, hot tmiy one vomited. Five patients had 
onefold to twofold increases in hepatic transaminase iev - 



Informate downloaded from fe ascopobs.org and provided by Cadmus ArtieieWorks en Janoary 5. 2010 from 85.196.76.80. 
Copyright© 1995 by the ^Amsrican Sociesty :g$ Ciinisai Oncoiogy. Ai! rights reserved. 



2284 



VAIONE rr AL 





0.3 


5 ;fl 


i.o: in 


3> 


3,5 in 


3? 


7.0 i» » * 




10.0 

- — 


!<- - 3! 


1,3 


3j 4 


i . 2 


S, 4 


J, 2 


3, 4 




Ci, 4 


t , 2 


3. 4 




2 


0 


2 


0 


3 


0 


3 


0 


3 


0 


Nausea 


t 


0 


0 


0 


3 


0 


! 


S 


0 


0 




1 


0 


2 


8 


■s 


0 


3 


0 


t 


2 


Sk>n 


0 


s 


0 


0 


0 


0 


0 


0 


9: 


a 




0 


0 


■J': 


0 


0 


0 


i 


<s 


3 


0 


Respiratory. 


o 


0 


0 


0 


0 


0 


i 


0 


1 


0 


G-C«v<:x.': 




0 




e 


0 


3 


0 


0 


9 


0 


Muiouioskaieiai 




0 




e 


3 


0 


V 


o 


V 


0 




0 


0 


0 


0 


i 


0 


i 


0 


! 


0 

























els, which were maximal on day 2 to 3 sad resolved 
spontaneously by day 4 to 7. Two patients who had sig- 
nificant pleural effusions and mild dyspnea before sreat- 
toem developed increased dyspnea within 8 hours after 
receiving MDX-210, There was no clinical evidence tot 
brcmcoospasm and chest x-rays showed increased pleural 
effusions without increased pulmonary infiltrates. Dys- 
pnea resolved spontaneously by hoar 8 in one patient 
arid resolved after thoracentesis in the other patient A 
therapeutic thoracentesis had been recommended to the 
latter patient before antibody therapy. 

Hematologic toxicity. The number of peripheral- 
blood srjotjocytes decreased substantially within ! to 2 
hours after the antibody mfuskft was started (P < .0001) 
and then gradually returned to baseline by hoar 24 (Table 
2). However, these changes are considered evidence for 
immxmokjgical efficacy and not a .sign of hematologic 
toxicity* Psripherai-biood monocytes are the principal 
blood ceils targeted by MDX-210. The median number 
of gr&tmlocyies decreased slightly 1 to 2 hours alter the 
infusion was started and then' rebounded slightly a few 
hours later, but the differences were not statistically «g T 



Tabls 2. HaroafafegH: Chorsgss AfSsf Ttsxiimant Wiib MPX-21C 





0 


1 


2 




8 


?4 


•NV:;c«yfs'< 














(xtO-^tj 


;;. 4 


0.1 


0.1 


0.2 


0.3 


0 4 


P.MNs Jxt0"'Ml 


3.7 


3.2 




6,7 


6.5 


















ixio -V.ui! 


0.7 


0,4 


0.4 


0.4 


0.4 


oc 


















2<>i 




253 


260 


378 


254 


Hgb jg/cit j 


U.I 


i0.8 


10.8 




]D:2 


10.3 


KiOTE. Dai« ore 













Abbreviation 5 ; RMNs, poiymorphonisi-iea!' i»y Stoey j«s; Hgh, bemegtefcifi . 



niheant, A slight decrease in lymphocytes occurred (P < 
.01), There were «o consistent changes in erythrocytes .or 
platelets. 

here were no consistent changes in ntpnocyte expres- 
sion of HLA-DR or expression of markers pu T cells 
(CD3. CD4, and CDS), B cells {CD20>, .and HK cells 
(CD 16). 

Phamac&kiwtics ofMOX-210 

Cellular pharmacokinetic^. As MDX-210 binds to 
FcyRl on monocytes, we analyzed the pharmacokinetics 
of both xnonoeyte-associated and fee plasma antibody. 
At doses a: 3.3 mg/ni\ all monocytes bound MDX -210 
at the. end of the infasion (Fig 5 A). Greater Shan 80% of 
monocytes continued to bear MDX-2 10 48 hours after 
infusion of the highest doses. MDX-2'iO saturated avail- 
able monocyte Fc yRI in a doss-reiated manner, with max- 
imal saturation of 80% so 90% being achieved al doses 
;a 3 5 mg/m 2 (Fig IB), At the highest doses, 20% to 
40% of monocyte receptors for FcyRI were occupied by 
MDX-210 48 hours after antibody infusion. 

Plasma pharmacokinetics. Plasma MDX-210 con- 
centnmon-ovef-titne profiles were generated for all pa- 
tients, except the first three. In patienis no, 1 to 3. the 
measured plasma MDX-210 concentrations apart from 
the first data point at the end of the infusion were below 
the level of detection of the assay. Figure 2 shows the 
plasma MDX-210 "conceiitranon-over-time data for each 
individual patient (in their respective dosing groups) as 
seahioganthtnic plots. Visual inspection of the data for 
patients no. 4 'to 15 showed a single exponential decay 
of the plasma MDX-210 concentrations, except 'possibly 
in patients no. 5 and 6, in whom the number of data 
points mn&es. any interpretation difficult. 

In patients no. 1 and 2, the mean C, ;!K was 0.027 ,«g/ 
niL. (range, 0.025 to 0.029} and the median T„ ;M was 0.34 
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hoars {range, 0.34 to 0.34), la patient ho. 3, &« MDX-- 
210 plasms concentrations were below the level of detec- 
tion of the assay. Its die group (patients m. 4 to 6) thai 
received 1,0 mgfat 2 of MDX-210, apart from patiesst no. 
4, there were ijisuSkaest measurable MDX-210 eoscea- 
tratioa-titne- data points above the level of deteedon of fee 
assay to define the standard pharmacokinetic pgr&neiors 
accsraiely . The mean for this group was 0.21 y$ 
vah (range, 0.07 to 0.34), with a medlars T raas of 0.74 hours 
(range, 9,63 to 0,97). The dwraiioa of mfysion varied 
depending on the dose level, but she T fflSS was at She end 



of or after the end of Site tafusion is all patients studied. 
Iter estimated pharmacokinetic: parameters for patients 
no. 4 ind 7 through IS ate listed in Table 3, We found 
considerable interiadivjdiad variation in the estimated 
phammcokixtetie parameters .within any dose group. Be- 
cause of the small namher. of patients at each dose level 
(» ~ 3), we did not perform statistical analyses for differ- 
ences in the estimated pfeanuaeokiaede parameters he- 
twees dose groups. 

The ipean MDX-210 pksma concentration for the 
three patients treated with 3.5 mgftn 2 (padeats no, 7 to 
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9} was 0-99 ^g/taL (range, 0.86 to- 1.55) as determined 
by the EiJSA muriae IgG assay. The tneaa MDX- 
2 10 plasms concentration deterasned by binding to sarget 
antigens was 0.84 .ag/mt (mage, 0.78 to 0.88), which 
iadicases that in. Jfeese patients circulating MDX-210 rc 
s&ined its capacity to bind so target antigens. 



Immunologic Effects of Treatment With MDX-210 

Plasms tymkim concentrations. Plasma concensra- 
Sions of lWo f EL-la, IL-6, aeopferm, G-CSF, 

and fRNy \vere detemtiaed. at baseline and 1, 2, 3. 4, 6. 
10, 24V and 48 hours after adtasaistratioa of MDX-210. 
Trcatmeat with MDX-210 increased plasma concentra- 
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dons of these factors in a complex, manner, increased 
plasma couc&ut?ati0fss of 1W« were observed by hours 
I to 3 is stirrje pstierste (Table 4). However, only eight 
patieaSshad increased plasma TNFcr levels, and (here was 
no apparent dose response in terms of maxiinal carsceotra- 
tions of or she fiequeacy with which elevations 
were observed. Increased plasma cotKentradoas of IL-6 
(Fig 3} and G-CSF (Fig 4) wsre observed by hour? 3 to 
6, there appeared to be a threshold effect for stisnulation 
of JLS and G-CSF in which low doses of MDX-2IQ;did 
not sthrraiaie (release of these cytokines, but once m active 
dose was reached, there- was no doss-resporsse effect 
among die active doses. Increased piassoa cosreenusfions 
of Jieoptenn were observed in some patients 24 hours 
after ajtaamstration of MDX-2 10, Plasma neopterin in- 



creased ja three of three patients at: the 3.5~mg/m ; ' dose 
(iaean, 67% Increase) and two of three patients at the 
7,0-mgAri 1 dose (mean, 20% increase). la contrast, only 
one patient at die lO.O-mg/m 2 level had an itsetestsed 
plasma neopterin level (1 15% increase). Increased plasma 
concenirMbns of 11.- la asxi were hot observed for 
any patient at any tittaie.- 

Localization of MDX-2 iO in tum&rs. Two patients 
wested at the iO-rag/ro* dose Seve| undents biopsies of 
skin metastases 24 to 48 hours .after treatment, far orae 
patient, a mosoaucleax-cell iatsittste and associated m- 
j»or-ceS necrosis were observed (Fig 5A). Inifnunohisto- 
chemical staining showed in vivo binding of MDX-210 
to tumor ceils in both cases (Fig SB). Two patients, in- 
cluding one of the patients 1 who underwent s biopsy, de- 
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veloped tumor Bares with pass at: sites of ttsssof metetases 
within 4 hours after treatment with MDX-210. Tins pair) 
resolved by 48 hows after treatment. 

Development of Antibodies to MDX-2I0 

HAM A to MDX-210 were measured in pksissa samples 
collected before aod after treamiefst. HAMA were de- 



tected ia six patients. IJevelopmsM of HAMA appeared to 
be do^-related, as die number of patients who developed 
HAMA at fee 0. 35 - , L0-, 3.5-, 7.0- , and 30XJ-mg/m s dose 
levels were aero, o.oe, oae, two, m4 two, respectively. 
Use plasma cofteefltratsoa of HAMA was generally km. 
For those patients who developed HAMA, the median 
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SAMPLS + BLOCKS?? 



increase in KAMA was 3.5-fold above baseline (range, 
twofold to fivefold). Data for a representative patient are 
shows w Fig 6. 

To detemiine what components of MDX-210 (the. indi- 
vidual xftAbs or the chemical issuer) induced KAMA* 
neutralizing experiments were performed for all patients 
who bad KAMA. P(ab' } ? . fragrdents of mAb 22 fully 
neutralized KAMA, whereas F{ah'' jjj fragments of mAb 
520C9 only partially neutralized KAMA (Fig 6). This 
suggests that in many patients, HAMA is directed par- 
tially to epitopes shared by both raAbs, with the re- 
maining HAMA directed so mAb 22. No specific response 
to the: chemical linker was apparent. 

Response m Treatment 

Although evaluation of response to treatment was not 
an objects ye of this phase I trial, 10 patients were assess- 
able for response. One patieat with stags IV breast cancer 
had a more than 50% decrease in her subcutaneous metas- 
tases and axillary adenopathy. She had a tumor Sare that 
began 4 hours after treatment with MDX-210 arid lasted 
for 24 to 48 hours, daring which her numerous less than 5- 
mm subeotaneous nodules and left axillary nodes beoarae' 
erythematous and tender. The adenopathy and all bat one 
of the subcutaneous nodules resolved completely 3 weeks 
after treatment. However, she had persistent pulmonary 
infiltrates, consistent with iympfeaagkic tumor spread. 
One patient with stage IV ovarian cancer had a more 
than 50% decrease as cervical adenopathy. However, she 
developed increased symptoms of bowel obstracdon, 
which suggested that her bulky abdominal masses,; which 



were not measurable, had progressed. The remaining 
eight patients had so evidence of response to treatment. 

DISCUSSION 

The- goals of tins phase la/lb trial were to dclemiino the 
MTD and/or OBD of MDX-21Q when given as a single W 
ittftmm. The main side effects of teeaimeat, fever, hypoten- 
sibs, and malaise are typical of (hose observed after adminis- 
tration of hmnunomoduktory cytokines such as VU2?* 
TNFa, 2 * and 1L~6?* As MDX-210 is designed to stimulate 
monocy te/oiacEX?phage cytotoxicity toward HER-2/Mu-ex- 
pressing ceils, the development of side effects from recruit- 
ment of monocytes and monocyte-derlved cytokines may 
be an unavoidable and perhaps desirable result of treatment, 
Vascular baldness induced by cytokines could, for example, 
improve localization of antibodies and immune-effcetox 
colls in tumor tissues. The effects induced by MDX-210 are 
not typical of those reported for most mAbs, including those 
that am irnmtisioktgieaHy active.* 7 " 2 * Clinical side effects 
similar to those induced by MDX-210 have been reported 
after treatment with bispecific antibodies that target im- 
mune-effector cells different from those targeted by MDX- 
2 .1 G. 30 " 32 For example, hispecihe antibody 2B 1 , which targets 
ffcyjUH (CD! 6} on NX cells, macrophages, and neutrophils, 
csaises fevers and hypotension at doses similar to those used 
for MBX~210; S> Dose-llrniting toxicity develops at much 
lower doses of hispecihe antibodies that target T ce11s. 3U? 
Although elevated plasma concentrations of TNFeS are de- 
tected ffeq^ our experience and that of other groups >s 
suggest that increased TNP« concentrations do not necessar- 
ily induce toxicity. For MDX-210, the most severe nonbe- 
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matologic toxicity was related t&iapoaiSfy to fee sr&xaii&l 
plasmss concentrations of IL-6, rather than XNFa . 

MDX-210 is active hnxnutiGlogscaSiy, as evidetseed by 
elevated plasma concentrations of TNFbr, IL-6, :neop££rin, 
and G-CSF, molecules that ass synthesized by xaotjocytes 
and rnaotipbages,' 5 *'-*' Aetivatiots of 'these cells likely ac- 
counts for appearance of these eytoldinss. mAbs that activate 
monocytes and macrophages in vitro do not asusliy stimu- 
late .cytokine suiease in vivo. 2 *- 3 * This may result fixsn the 
diminished capacity of mAbs to activate monocytes and 
macrophages through SPcyR! *xt the presence of excess non- 
specific Igs. & contrast, excess noaspecltle Ig does not im- 
pair imsHisie-dfector cell activation by MDX-210. ,a 

Trie MDX-210 plasma coneen&amm-OYer-tirne data in 
She majority of .patients suggested a snoacexponential 
plasma decay when MDX-210 was given as a slow (6\ 
mg/h) IV infusion, In contrast, ph&ratacokinehe analysis 
of mAbs given as more rapid infusions to humans sug- 
gested there was. a- tnexpoaential decay compatible mth 
& two-compartment model. '* The longer infusion times 
in most of oar patients (no, 7 so 35} and the sampling 
times Chosen did not enable us to define a two-compart- 
ment process. We therefore analyzed oar data using « 
noncompartmemal model In this study, she mean MDX- 
210 terminal, eliimisasioa half-life ranged from 3.95 to 
7,66 hours, with considerable interindjviduai yarialsop 
within each dosing, group, The MDX-210 AUCV^j and 
total-body clearance also showed considerable interim-?} • 
vidua! variation wlshis each dosing group. We therefore 
suggest that these preliminary data are interpreted cau- 
tiously. Whole murine mAbs have plasma elimination 
half-lives of S to 48 hours in 'humans.*'* The plasma 
half-life of MDX-210 is substantially shorter. However, 
MDX-210 is sfettctarslly sirnSlarco F(ab')a fragments of 
IgG, which have shorter plasma half -lives than that of 
whole antsbodies*' 

.MDX-210. has complex pharmacokinetics aad pharma- 



codynamics because it has two distinct target cells: 
FeyRX-expressieg irasmme-effector cells and HEK-2/ 
neu- expressing tumor cells. Doses of MDX-210 s= 3,5 
mgte 1 fully saturate FcyRI receptors on circulating 
monocytes. This observation provides confirmation in 
Vivo that binding of MDX-210 to FcyRI. is not blocked 
by excess nonspecific ig- A single 3,5-mg/m 2 dose of 
MD3£-2Ifi achieved plasma- concentrations more than 0.1 
j&g/mL for at least 24 hours after tamtment. The optimal 
concentration of MDX-2 10 for directing monocyte cyto- 
toxicity in vitro is 0,1 //,g/mi., Thus, we were able to 
achieve biologically active plasma concentrations of 
MDX-210 for sustained periods. We .did not examine 
systematically me localization of MDX-210 m minors. 
However, she observations that two patients developed 
pain at sites of tumor masses and that MDX-210 could 
be found in both of two tumor specimens obtained 24 to 
48 hoars af ter treatment indicate that the antibody local- 
izes in tumor tissue. 

The optimal dose of MDX-210 given as a single .TV 
infusion is 7-0 to 10 tngftn*. As two of three patients had 
transient grade 3 hypotension at the 10-mg/m s dose, the 
MTD. is 7.0 mg/rrr 5 according to the stringent criteria 
used in this: trial. However, the degree of hypotension 
experienced at she iO-mg/m 2 dose was tolerable and mod- 
est competed with that observed after treatment with cyto- 
kines.*' 3 * Although cytokine- relense was comparable at 
the 7- and \Q-mg/m* dose levels, it is possible that local- 
ization of MDX-2 SO in tumcers is greater at the higher 
dose. Thus, 10 mg/m 2 may be the. 08D, 

Its conclusion, BsAb MDX-210 is a novel antibody 
construct designed so direct the cytotoxic effects of mono- 
cytes and macrophages via Fcy RI So destroy tumor ceils 
that overexpress the protean. This, phase W 

lb trial of MDX-2T 0 suggests that tins agent: is well toler- 
ated at doses that appear to be immunologically and clini- 
cally active. 
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